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Forest monitoring systems have historically been designed to obtain data needed for 

timber management, but in the past few decades forests have been increasingly viewed 

as holistic systems that are best monitored with an integrated approach which includes 

the ecological and social aspects of forests(Riitters and Tkacz 2004). The demand for 

more comprehensive and science-based infoirnation has led the U.S. Forest Service to 

assemble a monitoring program that is based on a cooperative and integrated approach 

to gathering and reporting information on many aspects of forest health. This paper 

provides a brief history of the U.S. Forest Health Monitoring (FHM) Program, a 

summary of the conceptual approaches, and a description of current operations. 

Additional details are available on the Program's web site at http://fhm.fs.fed.us/. 

Beginning in the late 1970fs, widely reported declines in the health of European forests 

spawned much debate that similar symptoms observed in the U.S. might be attributed to 

air pollution and acid rain (Peterson and Shriner 2004). The lack of science-based 

information ncressary to respond to these allegations led the U.S. Congress to create 

an interagency t ~ s k  force to study the issue. The National Acid Precipitation 

Assessment Program iXAPAP) was thus established in 1980. The NA4PAP task force 

spent a decade studying atmospheric deposition and its effects on aquatic and 

terrestrial ecosystems. The resulting summary report (Irving 1991) was a major 

contribution to the technical understanding of acid rain. In 1984, the U.S. Forest 

Service, the U.S. Environmental Protection Agency (EPA), and private forest industry 

combined resources to create the Forest Response Pmgram (FRP) to conduct research 

on forested ecosystems for NAPAP (U.S. Department of Agriculture 1989). As part of 

its contribution to this cooperative research effort, the Forest Service hunched the 



National Vegetation Survey (NVS). One objective of the NVS was to design a long-term 

approach to forest health monitoring. While the Forest Service and EPA were 

collaborating in the Forest Response Program, the EPA Science Advisory Board 

initiated the Environmental Monitoring and Assessment Program (EMAP) to monitor the 

condition of the nation's major ecological resources by using a series of ecological 

indicators (Thornton et al. 1993; Hunsaker and Carpenter 1990). EMAP targeted seven 

ecological resources for monitoring, one of which was forests. Facilitated by the 

pre-existing collaborative relationship between the Forest Service and the EPA, the 

NVS and EMAP-Forest programs were combined in 1990 to create the U.S. Forest 

Health Mongoring Program. A comprehensive monitoring strategy was published the 

following yea+ (Palmer et al. 1991), with many design features that still apply. 

Early efforts focused on reviewing existing programs (Hazard and Law 1989), 

identifying candidate indicators of forest health (Riitters et al. 19911, and acquiring 

potentially useful . auxiliary data such as weather records. Numerous sampling 

procedures and candidate indicators were reviewed and tested (Alexander et al. 1991 ). 

The pilot tests facilitated the development of operational tools such as  field manuals 

(Tallent-Halsell 1994), quality assurance plans (Palmer 19921, and information 

management systems (Liff et al. 1994). Initial implementation started with the 

establishment of field plots in six northeastern states in 1990; additional states were 

added gradually over subsequent years (Alexander and Palmer 1999). To date, 

thousands of permanent field plots have been established in 45 states. 

Early efforts also focused on air pollution, but the scope soon expanded to include the 

internationally sanctioned Criteria and Indicators from the A4ontreal Process(hiiontreal 

Process Working Group 2006). In 1993, the Canadian government hosted an 

illternational seminar in Montreal to discuss the sustainable development of temperate 

and boreal forests. An international Working Group known as the Montreal Process was 

commissioned to develop Criteria and Indicators for the Conservation and Sustainable 

Management of. Temperate and. Boreal Forests. Criteria are categories of forest values 

to be preserved, such as biodiversity and productive capacity; indicators are 

measurable aspects of these criteria. The Montreal Process Working Group consists of 

12 countries on five continentsincluding the Republic of Korea. Participating countries 

account for 90 percent of the world's temperate and boreal forests. 

The hlontreal Process was further advanced in 1995, when participating countries met 

in Santiago, Chile, where they issued a declaration of 7 criteria and 67 indicators to 

guide policy makers, forest managers, and the general public in the sustainable 

management of temperate and boreal forests. The seven Criteria are: 
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1. conservation of biological diversity; 

2. maintenance of the productive capacity of forest ecosystems; 

3. maintenance of forest ecosystem health and vitality; 

4. conservation and maintenance of soil and water resources; 

5. maintenance of forest contributionsto global carbon cycles; 

6. maintenance and enhancement of long-term socio-economic benefits; and 

7. the legal, institutional, and economic framework for forest consen7atio~ and 

sustainable management. 

In combination with our national forest inventory system, the U.S. FHM program 

currently ad&esses the first 5 Criteria and monitors 16of the 67 Indicators (Reams et 

al. 2004). Techniques are being developed to monitor an additional 10 indicators. 

Adoption of the Montreal Process with its internationally sanctioned indicators has 

helped to standardize the analysis and reporting of forest health data. The national 

reports produced by our FHM program are organized to address the Montreal Process 

Criteria and Indicators. 

Various federal agencies, state agencies, and universities have been involved in the 

U.S. FHM Program since its inception in 1990. The EPA, which was heavily involved in 

the early design and implementation of the Program, withdrew in 1995. Today. the 

dominant cooperators are the State and Private (S&PF) Deputy Area of the U.S. ForesC 

Service, the Research and Development (R&D) Deputy Area of the Forest Service, and 

individual state forestry agencies. S&PFis involved primarily through its Forest Health 

Protection (FHP) Program. FHP has a long history of working with state agencies to 

manage and protect forests from insects, diseases, and other damaging agents. For 

more than 50 years, FHP has conducted extensive aerial surveys to identify insect. 

disease, and weather damage (Ciesla 2006). These aerial surveys produce maps of 

problem areas and are occasionally supplemented with ground surveys. hilost of this 

survey work; along with the emphasis on state collaboration, was integrated with the 

FHM Program in the mid 1990's. The R&D Deputy Area of the Forest Service 

contributes in two ways. First, in 2000, the FHM plot network was incorporated inlo 

ournational forest inventory system- -the Forest Inventory and Analysis (FIA) Program 

(Bechtold and Patterson 2005). Second, in 2002, a formal Research Work Unit was 

established to . analyze forest health data, produce reports, and conduct research on 

monitoring techniques. State participation is important because it keeps the Program 

relevant and responsive to local issues, which in turn helps to keep local forest health 

problems from becoming regional or national problems. State involvement ranges from 

field work to Program management. 



The U.S. FHM Program is currently organized under two main levels of internal 

management. A national Steering Committee that includes two members appointed by 

the National .4ssociation of State Foresters (NASF) and one representative from each of 

the three main Deputy Areas of the U.S. Forest Service (i.e., the National Forest 

System, State and Private Forestry, and Research and Development). The Steering 

Committee sets broad strategic goals and directions. The second level of management, 

the FHM hlanagement Team, has operational responsibilities for implementing these 

goals in 5 administrative regions (Figure 1). TheManagement Team is headed by the 

National Program Manager and includes 15 state and federal partners who provide 

technical oversight and implement the program regionally. The Program Manager has 

final authority over major operational and budgetary decisions. 

Conceptual Approaches to Forest Health Monitoring 
d + 

Detection, Evaluation, and Intensive Site Monitoring 

The study of forest health is a complicated endeavor. Forests are exposed to a 

changing array of natural and human stresses that produce both normal and unexpected 

changes in forest health. The response to a given stress depends upon the species 

involved, the geographic location, and local conditions. Stresses also interact with each 

other, and they change over time. Responses to stress occurat multiple scales, and may 

be delayed rather than immediate. These complications make it difficult to establish 

appropriate standards of forest health. They also make it difficult to recognize 

clepartui-es from normal ecosystem functions, many of which are only poorly 

understood. 

'The U.S. Forest Health h4onitoring system has three main objectives (Riitters and Tkacz 

1. to identify forest ecosystems where conditions might he deteriorating in subtle 

ways over large areas. This objective calls for consistent, large-scale, long-term 

monitoring of key indicators 

2. to define the extent of resources where conditions are deteriorating, and to 

develop management strategies for those events. This objective calls for more 

focused surveys and monitoring; and 

3. to understand the detailed processes that cause forest health problems so that- 

strategies can be developed for problem mitigation and prevention. 



To match these objectives, the Program uses a 3-tiered (or 3-level) approach by which 

progressively more detailed studies are conducted to evaluate forest health (U.S. 

Department of Agriculture Forest Service 2003). The first tier is Detection Monitoring 

(DM), the second is Evaluation Monitoring (EM), and the third is Intensive Site 

Monitoring (ISM). 

In Detection Monitoring, forests are systematically sampled in space and time. Initial 

measurements establish the "baseline" forest conditions existing at the onset of 

sampling. Repeated measurements over time then provide the data for assessing 

change. The group of forest health "indicators" selected for Detection Monitoring must 

be chosen c@efully to achieve a proper balance between practicality and the many 

dimensions of forest condition. Ideally, some small set of indicators can be used to 

quantify important aspects of forest health such as biological response, exposure to 

stressors, and habitat suitability. Attention to Montreal Process Criteria and Indicators 

should guide the indicator selection process to promote international consistency. 

Detection-Monitoring surveys are primarily designed to document status and trends. 

They can suggest plausible mechanisms for observed changes, but are not intended to 

resolve many important questions about the cause 01- significance of change. This 

explains the use of generalized integrative indicators inDetection hlonitoring. TOO much 

attention to diagnosing known causeeffect relationships requires highly specific 

measures that are more appropriate for evaluating known problems. The goal of 

Detection Monitoring is to identify subtle or previously unknown problems. 

Scale is also important. The successful detection of change depends on the scale of the 

sample design relative to the scale of the phenomena of interest. When searching for 

slow changes that affect large areas (e.g., climate change or air pollution), the sampling 

frame should incorporate widely distributed measurements and relatively long 

measurement cycles. Knowledge of small - scale temporal and spatial variability tvpicallv 

yields little information about long -term and large- scale changes. Model-based 

extrapolations from a few - intensely studied research sites cannot reliably predict 

regional changes, and small-scale intensive surveys say nothing about areas beyond 

those surveys. With our approach to Detection Monitoring, small-scale intensive studies 

are not usually deployed until after a problem is suspected. 

Detection Monitoring accepts a high rate of false positives as the price of not 

overlooking change. The false positives are resolved through the more detailed studies 

that take place in the Evaluation tier of the program. 

'I'he details of this follow -up research naturally depend on circumstances, SO 
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Evaluation Monitoring protocols cannot be fully defined in advance, as they are with 

Detection Monitoring. The Evaluation tier is designed to investigate the extent, 

severity, and potentialcauses of undesirable changes in forest health. 

The third tier, "Intensive Site hqonitoring", enhancesour understanding of cause and 

effect relationships by linking Detection Monitoring indicators to process-level research 

such as calcium depletion and carbon sequestration studies (Stolte et al. 2004). Ideally, 

such research is accomplished in conjunction with ongoing process-level studies at 

long-term research sites. Intensive Site Monitoring can also be used to establish 

indicator thresholds, and to develop strategies to prevent or mitigate forest health 

problems once they are identified. 

The three tiers of monitoring do not necessarily have to occur in the order presented 

above. Sometimes a problem comes to our attention by means other than Detection 

Monitoring. For example, Phytopthora ramorurn, which causes sudden oak death (SOD), 

was first observed about 10 years ago in commercial nurseries in California in 2000 

(Rizzo et al. 2002). This non-native pathogen is fatal to at least some oak species, and 

has the potential to decimate the oak forest ecosystems of the eastern U.S. The 

prospective impact of such phenomena isso large that it makes sense to conduct an 

immediate evaluation, and not wait for signs and symptoms to manifest through the 

Detection tier of the system. 

In summary, the conceptual approach to forest health monitoring in the U.S. includes a 

component to detect long-term regional changes, a component to assess the practical 

importance and impact of observed changes, and a component to conduct process-level 

research. Detection Monitoring is largely statistical and relies on multiple indicators of 

condition. Evaluation Monitoring focuses additional study on potentially important 

problems that come to our attention through Detection Monitoring or other sources. 

Intensive Site hlonitoring links to the other components by allowing a more rigorous 

evaluation of cause and effect relationshipsby establishing thresholds for indicators of 

forest health, by investigating strategies for prevention and mitigation, and by linking to 

studies on the fundamental processes that shape ecosystems. 

Current Application of Forest Health Monitoring 

Detection Monitoring 

Sampling FI-armw ork for PhaseZPhase3 Field Plots 
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